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The Relationship Between Prenatal Exposure
to Lead and Congenital Anomalies
Herbert L. Needleman, MO; Michael Rabinowitz, PhD; Alan Leviton, MO;
Shai Linn. MO; Stephen Schoenbaum, MD

• We obtained umbilical cord blood from 5,183 consecutive deliveries of
at least 20 weeks' gestation and analyzed them for lead concentration.
Those demographic and socioeconomic variables, Including lead, which
were shown on univarlate analysis to be associated with Increased risk for
congenital anomalies were evaluated and controlled by entering them into a
stepwise logistic-regression model with malformation as the outcome.
Coffee, alcohol, tobacco, and marijuana use, which were associated with
lead level, but not risk of malformation, were also controlled. The model was
reduced in steps by eliminating the variables with the highest P value, until
the most parsimonious model was created. The relative risk for anomalies
associated with lead was then calculated while holding other covarfates
constant. Lead was found to be associated, In a dose-related fashion, with an
Increased risk for minor anomalies.

(JAMA 1984:251:2956-2959)

SINCE the beginning of the 20th
century, lead has been considered a
potential human teratogen. British
factory inspectors of that period
reported an increase in the incidence
of infertility, abortion, stillbirth, fe-
tal death, and macrocephaly associ-
ated with industrial lead exposure.' It
is surprising that for the next 50
years, little attention was given to the
possible embryotoxic effects of lead.
Lead crosses the placenta, and in the
rat has been shown to be mobilized
from maternal stores during preg-
nancy/ Studies in three rodent spe-
cies have shown that lead readily
produces neural tube lesions.'

Women who lived during pregnancy
in homes where the drinking water
had excessive amounts of lead, bore a
significantly (P<.01) higher propor-
tion of retarded infanta.4 Increased
placental lead concentrations have
been reported in stillbirths, and in
infants with congenital anomalies.'
Lead also affects the male gamete.
Increased numbers of chromosomal
alterations have been reported in lead
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workers, and abnormalities in sperm
number, vigor, and morphologic fea-
tures have been demonstrated in both
experimental animals and in work-
ers.*

We and others have shown a delete-
rious effect of exposure to lead at low
dose on the neuropsychological func-
tion of school-age children.' Because
younger, developing organisms may
be most vulnerable to lead, the study
of the effects of exposure on the
human fetus is a matter of consider-
able interest. No epidemiologic stud-
ies of umbilical cord blood lead levels
and their relationship to neonatal
outcome have been reported.

To evaluate lead's impact during
pregnancy, we measured the concen-
tration of lead in umbilical cord blood
in a large cohort of neonates from a
single obstetrical hospital, and exam-
ined its relationship to a number of
outcomes measured at birth, includ-
ing congenital anomalies.

METHODS
Study Sample

Between April 1979 and March 1980, at
the Boston Hospital for Women, 5,183
mothers delivered live-born neonate* of at
least 20 weeks' gestation*! age. In the
delivery room, during the fourth stage of
labor, 5-mL samples of umbilical cord
blood were collected in metal-free tubes
from 97% of the neonates. Mother* were
interviewed by trained personnel on the
first or second postnatal day, employing a

structured questionnaire previously used
in other studies of reproductive outcome.'
In addition to standard demographic vari-
ables, the questionnaire focused on repro-
ductive and medical history and on expo-
sure to medicines, alcohol, tobacco, coffee.
tea. and marijuana.

Permission for the interview was sought
from 84% of the eligible mothers. Reasons
for not contacting the mother were iack of
interviewers ( 1 4 % ) and lack of consent of
obstetrician (1.5%). Of those mothers
approached, 90% were interviewed. Rea-
sons for not being interviewed were early
discharge (5%). refusal (3%), language
barrier (1.6%), and maternal medical con-
dition (0.1%).

From hospital records, data on each
newborn's status, the pregnancy, and
delivery were obtained. A small number of
records (1.2%) could not be found after
several systematic searches. These cases
were excluded from the study-

Malformations were classified from the
physicians' notes in the charts by employ-
ing the coding scheme developed by the
Centers for Disease Control's Malforma-
tion Surveillance Program. The newborn
examinations were done by pediatric
house officers assigned to the neonatology
service. Whenever a malformation could
not be classified by this scheme, we used
the criteria employed in the Collaborative
Perinatal Project.

Lead determinations were obtained for
97% of the births during the period of the
study. They were analyzed in duplicate by
an anodic-stripping voltammetry to a pre-
cision of 2 mg/L aa previously reported.'

Statistical Analysis
Combined lead and maternal interview

data were available for 4,354 births. Neo-
nates were classified according to their
blood lead levels into quart lies. To identify
those maternal and neonate variables that
were associated with lead level, we cross
tabulated the variables with lead and
evaluated whether the overall distribution
of demographic, pregnancy, and delivery
events differed across lead groups by x
The univariate relationship between um-
bilical cord blood lead level and certain
outcomes was then evaluated by testing
for linear trends.

Logistic regression analysis was then
used to determine the contribution of lead
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to risk of malformation while controlling
for the effect of other potentially con-
founding variables. Those variables that
previous univariate analyses had shown to
be associated with anomalies at P<.3,
were entered into the logistic regression
model. These potentially confounding vari-
ables were gestational age, birth weight,
history of either spontaneous or induced
abortion, maternal parity, and age. Ini-
tially all variables and their interactions
with lead were entered and the fitness of
the model quantified in terms of its log
likelihood. Continuous variables were not
degraded. Lead was logarithmically trans-
formed I base 10) to normalize its distribu-
tion. Maternal age was entered both as a
linear and quadratic term. In sequential
steps, the variable whose coefficient had
the highest P value was dropped from the
model. Priority was given to eliminating
interaction terms. After each step a new
model was recalculated. The new model
was retained only if Wilk's criterion was
met, ie. the change in the model's log
likelihood was not significantly degraded
(P> 05) by dropping a variable. This step-
down iteration generated a set of increas-
ingly parsimonious models. Each model
was also calculated without including the
term for lead to see if that step met Wilk's
criterion for additional predictive infor-
mation. Because this procedure exclude* a
subject if any single observation is miss-
ing, a minimum data set with complete
interview data was required to count a
subject. This limitation reduced the num-
ber of subjects by only 0.8%.

Coffee, alcohol, tobacco, and marijuana
use, which were associated with lead level
but not with malformation risk, were
included in the initial model. Entering
these variables, categorized either accord-
ing to their associated risk of malforma-
tion or as continuous values, did not
increase the predictability of the model.

The covariate-adjusted relative risk of
malformations associated with lead level
was then calculated while maintaining the
other predictive variable* constant." As is
customary with probit analysis, we as-
sumed an exponential relationship be-
tween lead's d coefficient from the logistic
model and the obeerred malformation
rates.

RESULTS
Women whose neonate's cord blood

lead levels were elevated tended to b«
divorced, unmarried, on public assist-
ance, to consume more alcohol, coffee,
and tobacco, and to have had an
induced abortion (Table 1). Decreased
lead levels were associated with being
white, Jewish, college educated, and
having had full-term pregnancies in
the past. Maternal characteristics not

Table t.— Number of Mothers
Characteristic* Wrtrnn
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Total Me.
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tllll >llTIIIII 22
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Pteoeme previe 3
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91
26
34
33

108
37

47
8

47
9

34

99
32
38
37

123
32
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5

SO
5

34
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23
32
48
90t
26*

46
3

36
7

49

'. tP<.08. x .

significantly related to lead included
aspirin or acetaminophen use, venere-
al disease, diabetes or hypertension,
maternal occupation, age of men-
arche, or contraceptive use. Bleeding
during the first trimester and prema-
ture labor were more frequent in
women with lower levels of lead (Ta-
ble 2). In general, perinatal blood lead
levels were not altered by late preg-
nancy events, presentation, or mode
of delivery.

Low birth weight, short gestation,
low Apgar score, jaundice, blood type.

and neonate gender were unrelated to
lead. The occurrence of respiratory
distress varied inversely with lead
level.

The incidence of minor malforma-
tions was associated with cord blood
lead level (Table 3). Multiple or major
malformations did not show this pat-
tern. The commonest anomalies found
were hemangiomaa and lymphangio-
mas (14/1,000 births), hydrocele
(27.6/1,000 males), minor skin anoma-
lies such as skin tags and papillae
(124/1,000 births), and undescended
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Tabta 3.— Number of Infants With S<

Cttaractariettc
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Mattorrnationt

Any
22
Manr
Mnor
Hydrocala or undaacandad taatida

1 nvwta A«gar <B
Raacvaiory diatraaa
Neonatal laundna

MeetedOar

Low
84

86

86
9

32
54
21
74

72

290

tctenatica Qro

Mid-tow
78

73

72
a

25
47
11

60
57

236

uped by LMd

atetonr
UB L̂̂ M^̂•mjp^pjsjn

86
76

101
IT
32
69
23
76
57

284
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Table 5 — Covanata-Adtusted

94004 Lead. »9/dL
0.7
83

15
24

Relative Risk of Malformation at Sar

Natettve Mek*
1.0
1.87 (1.44-2.42)
2.39 (t. 66-3.43)
2.73 (1.60-4 16)

•cttQ Htood L«Md Lcwlei

% Of NtOMtM rt

98.7
60.0

1.7
0.2

•Maan±9S*< •I. 0-0.668 ±0.273 (SQ.

testicles (11/1,000 males). No particu-
lar type of malformation was associ-
ated with lead.

The observed associations of mal-
formations and lead with parity and
past abortion, as well at the interac-
tions of lead with other personal
factors, required multivariat* analy-
sis to quantify the contribution of
each variable to the risk of malforma-
tion. A variety of logistic regression
analyses included different combina-
tions of variables; increasingly terse
models were achieved, both with and
without lead as a covariate. Informa-
tion about lead levels significantly
improved the powers of prediction of
these models (P<.02). Adding infor-
mation about alcohol, tobacco, or cof-

fee use changed the model log likeli-
hood by only 0.5 (P>J26). Table 4
gives the most parsimonious model.

Of considerable interest are the
calculations summarized in Table 5.
The 0 coefficient for lead was deter-
mined by fitting the model with lead
plus maternal age, birth weight, race,
and gestational age. Holding the oth-
er factors constant, the relative risk
of a child's demonstrating a malfor-
mation at birth increases by 50% as
lead levels increase from 0.7 to the
mean of 6.3 mg/L, and increases
another 50% at 24 mg/L.

COMMENT
These data show a relationship

between umbilical cord blood lead

levels and the risk of minor congeni-
tal anomaly, while controlling for
other covariates. No single character-
istic anatomic defect was found; the
overall incidence of many different
anomalies was raised in newborns
with high lead burdens. This suggests
that lead may interact with other
teratogenic risk factors to enhance
the probability of abnormal outcome.
Lead was not found to be associated
with decreased birth weight, short-
ened gestation, Apgar score, respira-
tory distress, or the presence of jaun-
dice.

The anomalies discovered in this
study are in themselves of little
health consequence, but may be
important as markers of impaired
development. Marden et al" examined
4,412 newborns, and reported that the
risk of having a major anomaly was
increased in those newborns with two
or more minor anomalies. They sug-
gest that the presence of minor anom-
alies may be a clue to the presence of
more serious malformations.

This study may be considered a
"level 2" study, that is, it employed
preexisting records (hospital charts)
to collect data, and cross tabulated
these data with blood lead levels
measured in our laboratory. Diagno-
sis of anomaly was made by clinicians
(pediatric residents assigned to the
neonatology service) in the conduct of
their routine neonatologic duties, and
observation was limited to the first
days of life. We did not examine these
newborns ourselves. A potential
weakness of this study is that the
surveillance was not carried out by
specialists in teratology. It is quite
likely then that a number of birth
defects were missed, and some will be
diagnosed at later ages. It is not
likely, however, that these misclassi-
ncations were biased with regard to
their lead exposure because exposure
was ascertained separately and was
not known by either mother or pedia-
trician.

Valid comparisons of the rates of
anomalies reported by different ob-
servers are difficult because of varia-
tions in diagnostic criteria and other
risk- factors that may vary across
groups. Our reported rate for major
malformations, 3%, is somewhat
higher than that reported by Heinon-
en et al" (1.8%), or Christianson et
al" (1.2%). This may be because the
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Boston Hospital for Women is a
referral center for high-risk pregnan-
cies. For technical reasons, we were
unable to sample the mother's blood
lead levels during the three trimes-
ters of pregnancy, and cannot, there-
fore, report directly on the exposure
of the fetuses in early development.
Sequential blood levels have been
measured in another study, however,
and no significant change in concen-
tration was observed during the peri-
od of gestation.'

Among the mechanisms through
which teratogens act are germinal
and somatic mutations, interference
with mitosis, chromosomal altera-
tions, membrane changes, and distur-
bances in nutrition or energy sources.
Lead has been shown to act on many
of these mechanisms. Lead can affect
the fidelity of ONA synthesis in
vitro,' and in vivo has been shown to
perturb cell proliferation and DNA
synthesis.' Lead has recently been
shown to cleave the sugar-phosphate
backbone of transfer RNA in catalyt-
ic fashion." Mammalian cells exposed
to lead in vitro have shown increases
in dicentric chromosomes and defects
in centralization."

Lead inteferes with embryonic nu-
trition and energy supply at a number
of sites. It competes with other
cations such as zinc, iron, or calcium,
and thereby limits their availability

at critical sites.1' Lead interferes with
mitochondria! function," depresses
the synthesis of cytochromes, and
thus alters the energy supply to a
number of organs. Delayed appear-
ance of cytochromes in developing rat
brains have been reported at low
tissue levels of lead. This has been
paralleled by delayed synaptic devel-
opment*"

Lead administered to mammals
reliably produces fetal death, abor-
tion, and retarded fetal and postnatal
growth, CNS hemorrhage, and hydro-
cephalus." Lead given at lower doses
during neurogenesis produces no mac-
roscopic alterations in structure, but
inteferes with cortical connectivity as
measured by synaptic number and
maturity." Behavioral studies of the
offspring of mother and father rats
exposed to lead before conception
showed impaired learning,14 sug-
gesting that the gametoxic effects of
lead can be expressed in behavioral
deficit at doses well below those
which produce macroscopic anatomic
abnormality.

In this study we restricted our
inquiry to the identification of
growth retardation and structural
abnormalities visible to the clinician
during the first few days of the
newborn's life. We were able to evalu-
ate the contribution of a' number of
covariates, including coffee, alcohol,

and tobacco use. These variables did
not increase the predictive power of
lead when added to the model. Indica-
tors of nutritional status such as
protein, zinc, and. calcium intake
were not evaluated in this investiga-
tion. Because deficiency of these fac-
tors may affect outcome and be asso-
ciated with increased lead absorption,
they may represent potential con-
founders. The study was not designed
to measure the impact of lead on fetal
death, abortion, or other embryotoxic
outcomes such as impaired postnatal
growth or CNS development

Whether children in this birth
cohort found to be without anomaly
will later demonstrate malforma-
tions, growth, or behavioral deficits
remains to be determined. We are
currently following a sample of these
children in the high, middle, and low
range of cord blood lead levels at
regular intervals and evaluating both
their physical and neuropsychological
development
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